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Sum Rules

e (Charge sum rule

quark
O assumes zero strangeness
! 2 1 .
Qproton = 1 = / dx <§['11.(;17) —u(z)] — 73[(1(;1:) — (l(;zf)])
0 : :
e Momentum sum rule
o quark term from neutrino, antinetrino x-section measurements quark,
m  <50% of momentum gluon
e conclude that gluon contributes >50% of linear momentum
Pproton — LIquark + Pgluon
1 1
= / dz o ([u(z) + a(2)] + [d(x) + d(2)] + [s(x) + 5(x)]) + / dz zg(x)
0 0
e Spin sum rule q;tark,
o quark spin, gluon spin, OAM gOAM’
o DIS experiments find quark spin contribution only 25-35%
1 1
Sp’roton — 5 — §AE —|— AG —|— Lq + Lg

AG = /O dr Ag(z), AY = /0 de ([Au(z) + Aa(z)] + [Ad(z) + Ad(z)] + [As(z) + A5(x))) ;



Double Longitudinal Helicity

Asymmetries

o In p+p scattering:
o proton spin parallel (positive helicity) or antiparallel
with its momentum vector:

“++”

© - @ =~

e “Double Longitudinal Spin Asymmetry” then defined in
terms of cross-sections:
octt+o0 )= (6t +0 )
(ot + o)+ (ot + o)
e Can be similarly defined for fixed target experiments

sr
?




Double Longitudinal Experiments: p+p

hadrons

, e p+p scattering
proton oo e Known a priori:
%, 2, o parton-parton cross sections
(calculable in pQCD)
o Including gluon scattering!
partona e Ingredients from other
2, “ experiments:
proen L P o Fragmentation functions
i (from e+e-)
polarize'dj e Assume “factorization:”
Ay = Zabc Afa(-ﬁ,/.lij) '3‘3'_Afb( 2a/-‘i) ) Aa X (1) 2g, e, 1, /’RJIM_) @ D!z, piop)
Zabc ka (1, u3) @ folwe, pf) Qoo X oy, w9, pe, ufo, i Hip) © ng Hir)
S
partonic reaction partonic x-sect fragmentation function
atb->c
e Factorization tested in each case

by checking denominator against
absolute x-section



The PHENIX Experiment at RHIC

e Central arms PHENIX Detector

PC3

_PC3 Central TEC. N

P2 Magnet

o |n|] <0.375, Ap = (M/2) x 2

o Tracking
m Drift Chamber (Multi-Wire Proportional)
m Pad Chambers

o Particle ID o
m Ring Imaging Cherenkov detector ﬁ

m Hadron Blind Detector (Gas Electron Multiplier) N

in ‘09 and ‘10 =

o EM Calorimetry
m Two separate technologies for cross-check

m Lead-Scintillator (PbSc) st Beam View Fast
e sampling calorimeter R Central Magnet 0@@
m Lead-Glass (PbSc) "o, N
e Cherenkov radiation calorimeter %ooq‘ >
e Forward arms . | e ‘
o Tracking, Calorimetry, Muon Identification ZDC south ; J/ t\\_l_ ZDC Nott
o Minbias detectors MuiD) I RXNP MulD
m Zero Degree Calorimeter: W ‘MuTrI nep ‘
m |An|=>6, |z|] =18m -
e outside of bending field, sees neutrals
m Beam-Beam Counter: An=+(3.1t03.9), |z| =1.4m [HHIlIY  South  Side View  North "
® reconstruct collision z-vertex online with ~5cm T
resolution * 6



Final-state Probes for ALL

e PHENIX is a versatile detector that allows ALL measurements from
a variety of complementary probes, including:

O Single electrons from heavy flavor decays
m dominated by gluon-gluon scattering

o Electromagnetic clusters at forward rapidity
m low Bjorken-x reach

o ldentified charged pions
m sensitivity to sign of AG

o m° pairs
m improved x resolution through correlation

o Neutral meson decays
m statistically powerful probe
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Probe: Heavy Flavor Decays

e Analysis of electrons (positrons)
from Heavy Flavor Decays

e Dominated by gluon-gluon
scattering resulting in a c-cbar

pair
subprocess fractions ¢, b, b — ¢ fractions
JIIIIIIIIIIIIIIIIIIIL lllll III]IIIL
O'ij/O' CTEQ 1 O'i/O‘ CTEQ 1

0“‘2“14“ 6 “8
pr [GeV]
e Measure electron from decay of

heavy flavor meson
o e.g.

Dt — KO0y

10 0

.2“‘4“ 6 ;118“110
pr [GeV]

.
/‘ A

Improved BG re]ectlon w1th Hadron
Blind Detector in Run9

(@)

(@)

Cherenkov Radiator/GEM detector, 50 cm
from IR

6.2 cm? pads, circle from electron rad.
slightly larger than 1 pad

1ﬂ'::::{::::I::::I::::{::::{::::]::::}::::{::f:{:
0.9F .

Zj b } +-Li+i!"£ljﬁtﬁé

o.6F ) PR L
0.5F p ¥ .
045— 2 !{}féi' —
0.3F '.‘L'—F i —

0.2k of —&— 2009 this result ]
ot Z=w== 2005 (cocktail methodPRL.97.252002 5
N —+—— 2005 (converter methodPRL.97.252002]

oo by b by b v by b v by by a |'
00.5 1 15 2 2.5 3 3.5 4 4.5 5 8
P, [GeVic]

S/S+BG)

Signal Purity D




Probe: Heavy Flavor Decays

Dt lll\rll e gluon-gluon scattering:
> e'+e’)/2+X \'s=200GeV (h |<0.35)] i .
T Pp-i(ee) (h,|<0-35) o sensitive to magnitude of Ag
X] 4 aN | —*— 2009 this result E
R L —-—3305(1’1?-9(7-25]500[2) o 1 o negligible quark scattering
- S e v—e'+e (cocktail metho | . .
SI07¢ : contribution to asymmetry
«g FONLL (total) 1
M, 4L 000 By FONLL(C—)e) _ ;3_,0.15_' — T T T . o T T T T T
L S T T FONLL (b—>¢) 2 [ AMFe pip\s=200GeV (I [<0.35) :
----------- FONLL (b—c—e) ] ok e E
10°F 3 A
i ] 0.05F T ]
10 § + 1 J( §

N 1 0.05F o e ]
— e g } r LL 1
. 3 L I syst. error from dilution factor
E : -0.11 syst. error from rel. lum. and AE(L" B

3 F - ; 0, o )

g iy bnp s (not including 8.8% pol. scale error) ]
© 3 P S S S S S S S S S S SO T S S S S E S S SR S T R
B e e —————— : 0157775 1 15 2 25 3

E P, [GeV/c]

pT[Ge{//c] .
. e resultant constraint:
e cross section measurement at

upper limit of theory IAGO-OL008) 085 (10), u = 1.4 GeV/c?
uncertainty 9



Probe: EM Clusters at Forward

Rapidity

e Forward A allows access to
lower Bjorken-x
o for partonic reaction
142 — 3+4 :

__________________ e Muon Piston (N;\‘ alorimeter

| I

i e~ L e E n, o 3.1<n| <3.9,Ap=2m

R (v o 4.8 cm? towers

: TR o 1% — yy measurement limited
| g g I

: |

I I

Ty = Pr Nz by merging at p; 2 2 GeV/c
| e e e e . m analyze unidentified
” > < . electromagnetic

e Measurement of high statistics
forward m° production
e (Can extend PHENIX AG reach

down to x ~ 0.002
o central arm m down to x ~ 0.02

° meson decay
n meson decay

10




Probe: EM Clusters at Forward

Rapidity

e Preliminary result for cluster

asymmetry at /s = 200 GeV  Analysis of /s = 500 GeV

datasets underway

oanf- EHENX Profiminary o Readodut felethro?lzcs and trigger
0_006;_ g:?"/: I\{]cler<tlgaé Scale Uncertainty upgra e. or Un. '
00sf- ] o purity of trigger improved
£ 0.002 : ? 1 by factor 4
< oi—---§ ----- R S { ------------- I e Expected statistical uncertainty
oszp on cluster A | from existing 500
O — GeV data expected to be ~1e™
-0.006 —
T TS — 0.003
! 2 cmiter P, (Gev?c) s <j éALL for single clusters in the MPC ; g::z:;z
e Approximate cluster composition 0.002¢
(from PYTH'A) 0.0015- . [
-§ T o:—-—:—-{—— S I N
§ °‘°;_ édet=2oo pb’
o [T -0.001:
o égimt 7 2002 31P<=:i539
B N S
N p, (GeVic) 11




Probe: Charged Pions

e |dentified ", m e Main source of BG:
o Ring Imaging Cherenkov o conversions before DC,
Detector look like high p.. tracks

u electrons: 0.017 GeV/c { MatChing to HBD hit bringS baCkground
m muons: 3.5 GeV/c to ~1% level

m pions: 4.7 GeV/c o enables high pT cross section
measurement
o 4*‘\‘ p+p (2009) {s=200GeV o . p+p (2009) \s=200GeV
RN n* at [n|<0.35 E £1o% n at n|<0.35 E
O RNNY S~ i - PP
I R PH:<ENIX e PH:<ENIX
"E‘O AN preliminary 3 '1;‘0 e preliminary =
10° 3 i 105k -
107 — 107 = —
©  NLO pQCD E E  NLO pQcCD N E
C (by M. Stratmann) ] (by M. Stratmann)
- CTEQ6.5 PDFs; DSS FFs . - CTEQ6.5 PDFs; DSS FFs e
10°  W=P(solid); p,/2, 2p (dashed) ™. 10° W =p(solid); p./2, 2p (dashed) ™.
a ? T B [ E a : _____ ! [ !
8 ] i ________________ 8 ] S
o f (] =) i
S of - - L] g of 5 & &
g & [ =
T 8 05
4 6 8 70 72 14 4 6 8 70 12 T4

P; (GeV/c)

[ (GeV/c)

12



Probe: Charged Pions

e Valence quark content:

e Plus large polarizations for u e Result without HBD
and d quarks: o Tight EMCal shower shape and
04 [ e 005 other cuts alleviate BG problem
- x(Au + Au) 1+ x(Ad + Ad) 1
o 03 e o ) _
8 02 < 0-12:_ o 7°% Runs-05 and -06 final
g . 0.1 :_ - 7', Runs-05, -06, -09 preliminary
e | o . 7*, Runs-05, -06, -09 preliminary
o 0.08[—
Q o - \'s = 200 GeV, PHENIX
Q oo~ " .
5 ooaf. PHTENIX *
(14 =
g of 0.02|— H_ %
£ - §
o, — pssv ] O g % """""""" J """"""""""""""""""""
[ R Ay’=1 (Lagr. multiplier) 0.02 :_
oos | T AyP=1 (Hessian) ] ' 3
|(;'2 1(;" 107 10 -0.04_‘""""'""""""'"""1""'
X X 4 5 6 7 8 9 10

1 12
. 0n 0. C pT(GeV/c)
e Leads to AG sign sensitivity:

+ 0 -
AT > A7 > AT, = AG >0

AT < AT < AT, = AG <0 12



Probe: Charged Pions

Yield ratio

e Inclusion of “charge
neutralized” average of charged
pion A s in global analysis
already possible

o lose sensitivity to sign of AG

—~——
e For full inclusion, fragmentation [ PHosENIX
functions need to be updated to **'  x/n* ratio at [|<0.35
account for m*, m cross sections | P+p(2009)\s=200GeV
o global analyses needs to ®2"  DSS FFs (NLO pQCD)
include high-p_ p+p cross ___Tﬁ:ﬁj/z, 2p_
section measurements e I R SR SR SRR

P, (GeV/c)
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Probe: m° Pairs

e 1% correlation gives better e Analysis similar to single
Bjorken-x determination: inclusive m° with an added

dimension
N7r07r0—|—7rOBG’—|-BGBG

BjorkenX for PHENIX single x° production at mid-rapidity region

7070 704+ BG+BGBG
1 i LL — N 7OmO LL
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BokenX lor PHENX didproduction at mdapidiyregion. | T ggg s
........ I N 0.1371% 4.764e-0
g °F AN T al 0009737 £ 3.913
XF 1000 e :
S0.5F B e
N R - |- P, R G
g, Al 800 N (e
o R ] e TN O R
-2; .............................
-245: b b LR G400
Figa oo
-3.5
af Pt >2.0. 88& Pt >1.5GeV
s PHENIX Pi0 Pair.
g I NS PR FEEE S

ol
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Log10(BjrokenX1)
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— 015
= u

0.

—_

0.05f

-0.05

-0.1

m® Pairs

I Vo, 8.8% polarization uncertainty
- | P ><E NIX not included
‘preliminary

| |
N { : [ ]
- s

] | | | L

7 8 9 10 11

M, .[GeV/c?]

e Statistics limited
e First pair correlation A
measurement in PHENIX
e Possible extensions to
o m° + hadron

o central arm m° +
forward cluster

16



Probe: Neutral Mesons

1 (N++ _ RN+‘) Nt
Arp = N ——2=

Analyze through the yy decay channel

o PHENIX EMCal
m  An -~ 0.01, Ap ~ 0.01 rad. segmentation
o B.R. 99%for m°, 39% for n

Count signal region (red) and sideband
region (blue) counts in ++ and +- helicity
crossings:

N++ + RN+

Relative Luminosity R is measured using

minbias BBC scalars
o largest systematic uncertainty from
confidence that BBC sees zero asymmetry

Interpolate combinatorial B.G. shape under
peak to get background fraction “r”

l
o Aszgna — Aszdes

/Advantage:
o identifiable mass peak

total uncertainty

o choose cuts to minimize

J




Probe: Neutral Mesons

0.7 -1 200 GeV p+p

Tdranidi e [/s=200, 62.4 GeV PHENIX m°
currently used in global analysis

e /s =500 GeV data under analysis

e inclusion of n requires more well-
determined fragmentation
functions in global analysis

do,,/do

0.6 n
=== - =

R

0.5F -

6 18 20
P, (GeV/c)
Phys.Rev.Lett.101:072001,2008

T ....:_- 03 .

e (-g and g-g sub-processes at PO 2 0Gev? ] Eef e P
low p E 200 GeV __.\szAz‘lGev-_ 0.2 Mf_ *==*PYTHIA
e T’ is the highest statistics e 10 E +.+..+.“ g I} 1
PHENIX central arm probe ; I : |
o excellent constraint of AG | N NES S dan Lf
e n has larger decay opening L Dssvaoees G dee b
angle, measurable to higher p, 0707 P (cave

o 1° decays merge ~10 GeV/c

o nat-~40GeV/c 18



Probe: Neutral Mesons

e PHENIX Run9 Final results @ /s = 200 GeV
o arXiv:1402.6296
e refinement of cuts

e addition of 12-15 GeV/c pT bin for n°
e doubles existing statistics

< . 10.005 = v
0.12 ° Run-5 (9.4% scaling uncert.) ’ -
0.1 :_ o  Run-6 (8.3% scaling uncert.) B
r % - 0.05
0.08 - 10 Run-9 (+; 7. scaling ncert.) N
' E_ - Run-9 Rel. Lumi. Syst. Uncert. 0: & }g: l 1
0.061 C ] ]
- {-0.005 -
0.04 __ -0.05 — Run-5 (9.4% scaling uncert.)
0.02 :_ Py [Gevic] L ©  Run-6 (8.3% scaling uncert.)
r : [}1 0.1~ + Run-9(#]%% scaling uncert. )
0:_3@3%5}@% ;1 I % ] E 7 Run-9 Rel. Lumi. Syst. Uncert.
N ol )
-0.021 | N 4 6 8
5 10 15 p, [GeV/d]

P; [GeV/c]
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Systematic Uncertainties

e Relative Luminosity

1 N++ _ N-I—— ++
ALL = R R ~ NBBC
N++ 4+ RN+

o But is the BBC also sensitive to a physics A ?

e Polarization measurement
o Scale uncertainty, mostly from molecular hydrogen
contamination of H-jet target and beam gas background
m about 5% each

e Event overlap in the EMCal
o creates non-zero BG asymmetry that can depend on m
o controlled by cuts/careful binning of analysis

20



Determination of Syst. Uncert. on RL

e i.e., what if our relative luminosity detector DOES see

sorme spin asymmetry? J/
DX DX - ~
<bCc - r— d " = / ZDC
| = [-0=0
/

O = We use our minimum bias BBC (Beam Beam Counter) to measure R
O ...and compare it with a detector past the DX magnetic field
B /ZDC: Zero Degree Calorimeter, no charged particles

O We then assume the different physics they sample can't have the
same asymmetry

B so any non-zero asymm. in BBC should be apparent

O Compare the two results to get the best available estimate of
systematic: 1 (:\'ZD(-)H B (NZD(‘)F

Negc Negc

£ syst — ++ +—
PUP) (.»VZD(') . (.-’VZD(')

Npgc Npgc



RL Syst. Throughout the Years at /s =

200 GeV

AL AATL(stat+syst)

Run Year (10_3) (10_3)
2005 0.42 0.23
2006 0.49 0.25
2009 1.18 0.21

e Take maximum overlap in AH%R as correlated
e Take also uncertainty on A " as part of systematic
o 2009 total RL systematic uncertainty: 1.4e™3

e More on relative luminosity studies later in the talk
22



Comparison of m° Results to Global

Analyses

e Combined PHENIX results alongside various global analyses
o DSSVO08: DIS + SIDIS + PHENIX + STAR (up to 2006)
= constrains AGHIL0Y) = 00057312
o GRSV: older DIS-only analysis
o BB10: DIS-only analysis
o NNPDF: DIS + prelim. STARW A
m uses neural networks instead of PDF functional form

o LSS10: DIS+SIDIS analysis

% r
Fomm- = NNPDF
< 0025 - DSSV08 —0.025
[ wim GRSV Ag(x)=0 P O BB10 \‘
[ — GRSV-std -~ C
0.02 — - — - LSS10 C0.02
[ * Run5+6+9 A 4 -
r P, Correlated Systematic Uncert. // \\ T
0.015 -~ \ —0.015
C R ~ C
~1 -
P e \\ -
0.01— ] —0.01
P L) \ C
L \ o
0.005 |— - + S \\\\ \‘ —0.005
F — PRI C
L - * Tt D \ L
ol PRoes YUREL S Q N\ L
0 W**m Fitiny t ﬁﬁ: N O
1 0 0 T~ —— . e == - N
10,005 [ Run5+6+9 Not Included: T C0.005
 4.8% Global Scaling Uncert. -
0,01 - 42x10" Global Shift Uncert. —-0.01
T 1 1 1 | 1 1 1 I 1 1 1 | 1 1 1 1 I | 1 | I I | | C
2 4 6 8 12 2 4 6 8 10 12
P; [GeVic] P; [GeVic]
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Adding 2009 PHENIX Data,

Effect of RL Systematic Uncert.

e Added 2009 PHENIX m° A | to the DSSVO08 analysis
o along with updates of some prelim data to final

e DSSV08 global analysis did not include systematic uncertainties from
the experiments
e Effect of shifting only PHENIX m° A . up or down by its total systematic

uncertainty
o dominated by systematic uncertainty on relative luminosity

L, 3.5 N, 9 —
a DSSVO8+PHENIX 2009 A", a FE DSSVO8+PHENIX 2009 A",
x 3 [ = No Systematic Uncert. E 8 No Systematic Uncert.
5 [ semeen PHENIX A'L‘:_ Values Shifted Up By Syst. 8 7 [ mmmmemeees PHENIX A’L‘: Values Shifted Up By Syst.
T o5 I PHENIX A, Values Shifted Down By Syst. i — PHENIX A, Values Shifted Down By Syst.
~E : 6 3 .
— 5
ll 4
o 3
- . 2
- d 1
- i (a) = (b)
b Lt L 8|||||||||||1|||||||||||| I AT
0.2 -0.25 0.2 -0.15 -01 . . 0.2
(0.05,0.2) (0.05,0.2)
A GDSSVOS A GDSSV08



Adding 2009 PHENIX Data,

Effect of RL Systematic Uncert.

o 35— o 9p —
: - DSSVO8+PHENIX 2009 A", : c DSSVO8+PHENIX 2009 A",
x 3 [ = No Systematic Uncert. E 8 :_ No Systematic Uncert.
5 [ semeen PHENIX A'L‘:_ Values Shifted Up By Syst. 8 7 Z_ """"" PHENIX A’L‘: Values Shifted Up By Syst.
T o5 I PHENIX A, Values Shifted Down By Syst. D PHENIX A, Values Shifted Down By Syst.
2 5F
1.5F =
- 3F
1 -
- i 21
0.5 1 =
AN e N/ e
7 R TV R 1\ R Y =R B X TS ) 85503 s 0050 00 T 0 01 02
A G'°°5°2] AG[oosoz]

DSSVo8 DSSV08

e Results of adding 2009 PHENIX ° A | to the DSSVO08 analysis
o along with updates of some prelim data to final:

AQL00502] _ 06+8 ié

PN

0.02 0.12

. ) 0.05,0.2
o vs. previously: AGP02 — 00510129 25



Relative Luminosity
Studies




Issue: Non-physical Asymmetries

® Non-physical asymmetries seen in longitudinal running:
o 180 rotation of the experiment:

o .,;‘ ......... S

m €, =42%0.4x10*in 2009

o Parity violating asymmetry:

m €, =255%04x10%in 2009
?

@ @O +@ - @

Can these asymmetries be explained?

27



Transverse Spin Asymmetry A

® No physics A s we are familiar with
in the ZDC or BBC

® But we do know of a
transverse, phi-dependent, forward,
single-spin asymmetry in NEUTRON N
PRODUCTION /¥ proton

O transverse: Goes away for longitudinally
polarized beams (local polarimetry)

O phi-dependent: integrates out over all of phi

An

O forward: backward asymmetry O; polarization
of other beam irrelevant

Transverse

O single-spin: scales as polarization P Pol.
(compared to P? for double spin asymmetries
like A )

28



+ Beam Geometry

e Beams traverse IRs in "zero" magnetic field region
o straight paths

e Intersection geometry of beams can be decomposed into three
components (x 2 planes)

e Collinear Angle: / .......................

o Offset: =

P BOOSt ..... / .....................

e (Can measure all of these geometries with the Beam

Position Monitors .



= False Asymmetries?

e Model for generation of various asymmetries

Acceptance
Fewer (1% i I e (1% modification
or- 1 1 [ 1 factor
More -9 O g
Particles 1 | NN 1
(fromA)  Faw s mat e e mm e g
e A
e -- to -+
Different v .......... ’
Asymmetries Asio- Show transverse

pol. direction

30



Predictions of Model

€++ to -- E+- to -+ €++ to +- E-- to -+
Collinear =(P;+P,) & |= =P,% =-P,d
Angle
Offsets =0 =(P;+P)e |=-P,¢€ =P, ¢
Boosts =0 =(P;+P)e |=-P,¢€ =P, ¢

e Key Feature: linear dependence on polarization

e 0Q, €. acceptance modification factors, functions of
angle, offset, or boost

e |Important point: cross-check asymmetries which

should be zero can be large under this effect!
o failure to understand them would necessitate inclusion of additional

systematic uncertainties
31



Run 12 Collinear Beam Angle Scan

€., Vs. Collinear Angle
| .
.3 0.003 [ ] Pred|Cted tO haVe
W' oo | largest variation in the
0.001 ) c
. . Run12 scan of collinear
- # "# L | beam angles
0002 ' e Slope about 72 of
o _ | simulation prediction
-0.005 .
PO ST SN WY ST T SN T T S S S T L
005 041
(P +Py) . ginear, narizona (7@d)
€, 1., VS. Offset+Boost
Z o.om;—
LU: —00022—
oncf + e Should not have
000~ oase ; + changed much during
-0.00S;— + %— Scan
*’-°°°§— o its dependence is on
onF- boosts and offsets
4).008;—-
*’-0095— ] 1 1 ] ] 1107
A . e | S S | S U W

(Pg+ PY) edtse! +boast, horizontal (rad) 32



Run 12 Collinear Beam Angle Scan

Yellow Beam Asymmetries

W -
il 27l 1194778 e Under model, these two
= po 0.003204 + 6.569¢-05 ]
I P 1 -9.32109045 yellow beam asymmetries
P L TR *; PR N should be equal and
- | NS T ) _
0002 = , - a OppOS'te
oF | e Slopes equal and
Neni = e 2Tnd 8783778 opposite, but not
L} = - to -+ p0 0.0008268 + 8.557¢-05 \ .
- p1 +0.911 1 intercepts
I e
Py (8, gl S-\*m'.mm nu..n:nm} (Rad)
R Blue Beam Asymitretrigs "
- 2 [ ndf . 5 g
- P -0.0008024530%6-05 e Same logic applies to
- 1 -12.89+1.123 .
- - to +- - HE . 7 blue beam asymmetries
005 — I i I ¢ T 3
ot T . s & SRS ' e both yellow and blue
- ‘ .
of- e R i e # asymmetries average to
- ~2e-3
N\ et T 5144778 o consistent with rest
- o -+ p0 0.004628 + 5.364e-05
ooy o R 125741042 | | of Run12
S O
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Remaining Unanswered Questions

e |s the case of offsets/boosts analogous?
e IstherealsoanA_?
e These studies lead to the decision to
reduce the residual transverse
polarization component at PHENIX in
500 GeV running ?

o there we see a smaller ZDC/BBC
asymmetry

o no chance to confirm if such a change
would also reduce it in 200 GeV running

34



Asymmetry in Transverse Running

e Transversely polarized running
o much larger raw asymmetry, A ~5.17e-3 if scaled by transverse pol.

wI: 0.002F-
0.0018[—
e Plot of 200 GeV asymms vs.  ooote- } l
transverse pol. hints at 00014
dependence o.oo1z_—} +
e Also have 500 GeV results 0001
with lower transverse pol 0.0008- Transverse Pol.Scale
and lower ZDC/BBC asymm  °®% R
0.0004 [ v PPy
0'0002:._|....|....|.. [ | | |

0 0.1 0.2 0.3 0.4 05 0.6
Transverse Pol. Scale
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Other Evidence of Beam Geometry

Effects

Run12 200 GeV: Raw Double Trans. Spin Asymmetry in e, Jeeh ..

u}'l: : ] L]
0.008 — o Accelerator physicists

- implemented
0.006 — . .

- automatic orbit

- ' correction for beams
0.004— . .

-l ' 1 } i to help maintain
0.002/— { & i i ’ { polarization

- il " | e increase in average
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Conclusions

e 2009 PHENIX and STAR final data already swiftly included in the
DSSV global analysis

o important to fully treat experimental systematic uncertainties to get
the full picture (plus theoretical uncertainties)
o Other measurements + 500 GeV datasets can also be included
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e Investigations into RL systematic uncertainty must continue
o any further running w/ small transverse pol. component might help
o we already understand much more than when we started, and have
been able to avoid adding additional systematics
o motivation for an A, measurement


http://www.bnl.gov/npp/docs/RHIC-Spin-WriteUp-121105.pdf
http://www.bnl.gov/npp/docs/RHIC-Spin-WriteUp-121105.pdf
http://www.bnl.gov/npp/docs/RHIC-Spin-WriteUp-121105.pdf

Backup




Beam Position Monitors

e Image current induced on two stainless steel striplines

o Difference in current between sides a function of the beam deviation
perpendicular to the striplines

rcm]

Electrical to mechanical
center calibrated with

antenna
o uncertainty about 50 microns
m similar uncertainty from
frequency response
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Wall Current Monitors

BEAM

Measures the longitudinal profile of bunches in the ring
Beam current passes through a magnetic toroid, induces voltage
covers large frequency range 3 kHz to 6 GHz
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WCM Bunch Width Asymmetries

e Can convolute wall current monitor data to produce a
longitudinal bunch distribution

e Then calculate double spin-dependent deviation from average
bunch width:
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e Significant asymmetry in width within |z|<100cm
e Not observed in width within |z|<50cm
o could explain some of remaining spin pattern separation in rate-
safe ZDC/BBC asymmetries 41



Scale Uncertainties

e From Run6 result paper, showing effect of varying the theory
scale uncertainties (factorization, fragmentation, normalization)
o all set = p_ for the main analysis
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